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25 (54) [Title of the Invention] METHOD OF MANUFACTURING SEMICONDUCTOR 
DEVICE 
(57) [Summary] 

[Object] An object is to obtain a highly reproducible shape of a through hole by 
combining a normal RIE mode, a resist separation mode, and a taper formation mode. 
30 [Structure] The formation of a through hole in an interlayer insulating film on a 
semiconductor substrate has a structure including a step of making an insulating film 2 
cover a lower wiring film 1 and forming a resist film 3 in which a through hole forming 
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portion is opened on the insulating film 2, a step of performing anisotropic etching of 
the insulating film 2 using a fluorine-based gas 4 with the resist film 3 as a mask by 
reactive ion etching so that a through hole 5 is opened in the insulating film 2, a step of 
removing the resist film 3 by ashing using an oxygen gas 6, a step of performing 
5 anisotropic etching of the insulating film 2 using an inert gas 7 to scrape an upper edge 
of the through hole 5, and then a step of forming an upper wiring film 8 as a covering. 
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[Scope of Claim] 

[Claim 1] A method of manufacturing a semiconductor device, characterized by 

including, in the formation of a through hole in an interlayer insulating film on a 
semiconductor substrate, a step of making an insulating film (2) cover a lower wiring 
5 film (1) and forming a resist film (3) in whicn a tnrougn noie iorming portion is opened 
on the insulating film (2), a step of performing anisotropic etching of the insulating film 
(2) using a fluorine-based gas (4) with the resist film (3) as a mask by reactive ion 
etching so that a through hole (5) is opened in the insulating film (2), a step of removing 
the resist film (3) by ashing using an oxygen gas (6), a step of performing anisotropic 
10 etching of the insulating film (2) using an inert gas (7) to scrape an upper edge of the 
through hole (5), and a step of forming an upper wiring film (8) as a covering. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to a technique in which 
15 a through hole is subjected to a tapering process by using a dry etching method, with the 
aim of improving wiring coverage properties at the through hole between multilayer 
wirings of a semiconductor device. 

[0002] ■ A bottleneck in miniaturization of a semiconductor element results from the 
fact that reducing a wiring pitch by placing wirings closer together are impossible due 
20 to a problem of reliability of a wiring material. Still, there is a trend toward a 
reduction in wiring pitch by making wirings more multilayered, increasing the thickness 
of the wiring, and the like. 

[0003] Thus, a through hole that connects wirings has also been miniaturized. 
Accordingly, as a necessary technique, there is tapering of a through hole by which 
25 coverage with a wiring metal at a through hole can be ensured. 
[0004] 

[Prior Art] FIG. 4 is an explanatory diagram of a conventional example. In the 
diagrams, reference numeral 35 represents an aluminum (Al) film, reference numeral 36 
represents a silicon dioxide (Si0 2 ) film, reference numeral 27 represents a resist film, 
30 reference numeral 38 represents F + , and reference numeral 39 represents F + . 

[0005] A conventional method has been mainly a method combining two-step etching, 
i.e., isotropic etching using a wet or dry etching method, as illustrated in FIG. 4(a), and 
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anisotropic etching using reactive ion etching (RIE), as illustrated in FIG. 4(b). 
[0006] However, as illustrated in FIG. 4(a), in isotropic etching first performed, since a 
variation in the etching rate of wet or dry etching of the SiC>2 film 36 on the Al film 35 
with the resist film 37 as a mask renders a finished shape unstable, there is a variation in 
5 the coverage with a wiring, resulting in lack of reliability. This has been a problem. 
[0007] This unstableness of isotropic etching can be said to be ascribed to a variation 
in the composition of an etching solution or the like in the case of wet etching, or to 
dependence on the shape of the resist film 37 in the case of dry etching. However, the 
largest cause is that stopping etching halfway disables detection of an end point, such as 
1 0 detection with a change in the intensity of an emission spectrum that can be an objective 
control standard in recent dry etching techniques. 
[0008] 

[Problem to be Solved by the Invention] Therefore, it is necessary to stabilize the 
shape before a wiring material is formed. An object of the present invention is, in 
15 processing a through hole with an RIE apparatus, to obtain a highly reproducible shape 
of a through hole by combining a normal RIE mode, a photoresist separation mode, and 
a taper formation mode, by changing types of etching gas and etching conditions. 
[0009] 

[Means for Solving the Problem] FIG. 1 is a view illustrating a principle of the present 
20 invention. In the diagrams, reference numeral 1 represents a lower wiring film, 
reference numeral 2 represents an insulating film, reference numeral 3 represents a 
resist film, reference numeral 4 represents a fluorine-based gas, reference numeral 5 
represents a through hole, reference numeral 6 represents an oxygen gas, reference 
numeral 7 represents an inert gas, and reference numeral 8 represents an upper wiring 
25 film. 

[0010] As the first stage, in a normal RIE etching state, anisotropic etching is 
performed exactly according to the resist film which is a mask until a lower wiring 
material is exposed. Next, the resist film is removed with plasma of only oxygen in 
the same chamber. 

30 [0011] Lastly, an upper edge corner of a through hole is rounded with inert gas plasma, 
and a process of a through hole is finished. In other words, an object of the present 
invention is achieved by including, in the formation of a through hole in an interlayer 
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insulating film on a semiconductor substrate, a step of making the insulating film 2 
cover the lower wiring film 1 and forming the resist film 3 in which a through hole 
forming portion is opened on the insulating film 2 as illustrated in FIG. 1(a), a step of 
performing anisotropic etching of the insulating film 2 using the fluorine-based gas 4 
5 with the resist film 3 as a mask by reactive ion etching so that the through hole 5 is 
opened in the insulating film 2 as illustrated in FIG 1(b), a step of removing the resist 
film 3 by ashing using the oxygen gas 6 as illustrated in FIG. 1(c), a step of performing 
anisotropic etching of the insulating film 2 using the inert gas 7 to scrape an upper edge 
of the through hole 5 as illustrated in FIG. 1(d), and then a step of forming the upper 
10 wiring film 8 as a covering, as illustrated in FIG. 1(e). 
[0012] 

[Operation] In the present invention, first, the insulating film is subjected to 
anisotropic etching ,with the resist film as a mask so that the through hole is opened 
perpendicularly until the wiring film is exposed while an end point is detected. Next, 
15 after the resist film is removed, a tapering process in which ion collision of an inert gas 
facilitates control of the sputtering etching rate is performed on the upper edge of the 
through hole. Therefore, a conventional problem such as non-uniformity in the shape 
or size of the through hole is solved. 
[0013] 

20 [Example] FIG. 2 is a schematic cross-sectional view of a process sequence of 
one example of the present invention. FIG. 3 is an outline diagram of an apparatus of 
one example of the present invention. 

[0014] In the drawings, reference numeral 9 represents a Si substrate, reference 
numeral 10 represents a Si0 2 film, reference numeral 11 represents a lower Al wiring 

25 film, reference numeral 12 represents a PSG film, reference numeral 13 represents an 
upper Al wiring film, reference numeral 14 represents F + , reference numeral 15 
represents a through hole, reference numeral 16 represents CT, reference numeral 17 
represents Ar + , reference numeral 18 represents an upper Al wiring film, reference 
numeral 19 represents a chamber, reference numeral 20 represents a substrate, reference 

30 numeral 21 represents a parallel plate electrode, reference numeral 22 represents plasma, 
reference numeral 23 represents a gas inlet, reference numeral 24 represents an exhaust 
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port, reference numeral 25 represents an RF power source, reference numeral 26 
represents a chamber, reference numeral 27 represents a substrate, reference numeral 28 
represents a magnetron, reference numeral 29 represents a quartz window, reference 
numeral 30 represents a magnet, reference numeral 31 represents plasma, reference 
5 numeral 32 represents a gas inlet, reference numeral 33 represents an exhaust port, and 
reference 34 numeral represents an RF power source. 
[0015] 

According to FIG. 2, one example of the present invention is described with the 
schematic cross-sectional view of the process sequence. First, as illustrated in FIG 

10 2(a), using the Si substrate 9 covered with the Si0 2 film 10 on which the lower Al 
wiring film 11 is formed by patterning, on the lower Al wiring film 11, the PSG film 12 
covers the entire surface of the Si substrate 9 to a thickness of 1 .2 by a CVD method. 
[0016] Then, the resist film 13 is applied to a thickness of 8000 A and, using a mask, a 
through hole forming portion is patterned in the resist film 13. Then, as the first stage, 

15 as illustrated in FIG 2(b), anisotropic etching of the PSG film 12 is performed exactly 
according to the mask of the resist film 13. 

[0017] Specifically, 100 seem of methane trifluoride and 100 seem of methane 
tetrafluoride are introduced into the chamber 19 through the gas inlet 23 using the RIE 
apparatus illustrated in FIG 3(a), and under etching conditions where the pressure is 0.2 
20 to 0.4 Torr, the RF power is 800 W (13.56 MHz), and the power density is 2 W/cm, the 
through hole 15 is opened perpendicularly to the PSG film 12. 

[0018] At this time, while monitoring a change in the emission intensity of CO, 
etching is performed for about two minutes until the lower Al wiring film 11 is exposed. 
Next, as the second stage, using the same apparatus, the resist is removed by ashing. 

25 [0019] Specifically, an oxygen (0 2 ) gas is introduced into the RIE apparatus through 
the gas inlet at a rate of 50 seem. With a pressure of 0.5 Torr and an RF power of 500 
W, the resist film 13 having a thickness of 8000 A is ashed with generated oxygen 
plasma for about one minute, and completely removed as illustrated in FIG. 2(c). 
[0020] As the third stage, as illustrated in FIG 2(d), using Ar plasma is used as an inert 

30 gas, the upper edge of the through hole 15 which is opened by anisotropic etching is 
struck by ions so that the upper edge of the through hole 15 is scraped. After that, as 
illustrated in FIG. 2(e), the upper Al wiring film 18 is formed as a covering to a 
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thickness of 7000 A by a sputtering method and patterned to form a wiring. 
[0021] . Specifically, when the RIE apparatus is used continuously, anisotropic etching 
is performed under conditions where Ar flows into the chamber 19 at 50 seem, the 
pressure is 0.1 Torr, and the RF power is 700 W. Alternatively, when an ECR 
5 apparatus illustrated in FIG. 3(b) is used, anisotropic etching is performed under 
conditions where an Ar gas is 30 seem, the microwave power is 600 W (2.45 GHz), the 
RF power is 200 W (13.56 MHz), and the pressure is 1 mmTorr. 

[0022] In this case, the PSG film 12 having been struck by the Ar + 1 7 may be sputtered 
and deposited on the bottom of the through hole 15, in which case the above 
10 fluorine-based gas for etching the PSG film 12 is introduced into the chamber to 
perform anisotropic etching for several seconds. 
[0023] 

[Effect of the Invention] As described above, according to the present invention, by 

scraping the upper edge of the through hole and rounding it, coverage properties at the 
1 5 through hole of the upper wiring can be improved. 

[0024] This eliminates a defect such as electromigration caused by a small thickness 

of the wiring in the through hole portion, greatly contributing to an improvement in 

reliability of a semiconductor element. 

[Brief Description of the Drawings] 
20 [FIG. 1 ] Views illustrating a principle of the present invention. 

[FIG. 2] Schematic cross-sectional views of a process sequence of one example of the 

present invention. 

[FIG 3] Outline diagrams of an apparatus of one example of the present invention. 
[FIG 4] Explanatory diagrams of a conventional example. 
25 [Reference Numerals] 
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Abstract of JP 4251926 (A) 

PURPOSE:To obtain a shape of through hole 
having good reproducibility by combining an 
ordinary RIE mode, resist peeling mode and tapered 
portion forming mode. CONSTITUTIONS method of 
manufacturing semiconductor device comprises 
steps, in formation of a through hole of layer 
insulating film on a semiconductor substrate, of 
covering an insulating film 2 on a lower wiring film 1 
and forming a resist film 3 opening a through hole 
forming area on the insulating film 2, opening a 
through hole 5 on the insulating film 2 by conducting 
anisotropic etching to the insulating film 2 using a 
fluoride gas 4 by the reaction ion etching with the 
resist film 4 used as the mask, removing the resist 
film 3 by ashing using oxygen gas 6, grinding the 
upper edge of the through hole 5 by conducting 
anisotropic etching of the insulating film 2 using 
inactive gas 7 and covering thereafter an upper 
wiring film 8. 
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